munication purposes to present in greater detail studies of its morphological cultural, serological and pathogenic characteristics.
METHODS
Cultural and biochemical studies The cultivation of the organism from the blood stream or viscera requires only the usual meat-infusion broth and 5 per cent rabbit or human blood-agar plates as used routinely in any clinical or bacteriological laboratory and adjusted to pH 7.4. Further cultural, and biochemical reactions of the organism are determined with relation to carbohydrate fermentation, action on litmus milk, and gelatin and to the production of indol or nitrites. The sugar fermentation tubes contain 1 per cent carbohydrate prepared in a sugar-free base consisting of Dunham's peptone water plus Andrade's indicator. Fermentation tubes are inoculated with 0.1 cc. of an actively-growing strain of the culture and incubated at 37°C. for seven days. Changes in the fermentation are recorded daily. The final readings are based on observations made with four independent sets of carbohydrate fermentation. The final hydrogen ion concentrations for the strains are determined in 1 per cent glucose broth by means of a glass electrode.
Serological Tests
The vaccine is prepared from a twenty-four-hour washed blood agar plate suspension of the organism killed by heat at 60°C. for one hour. Specific immune rabbit serum is prepared for each strain by administering to full-grown rabbits (weighing 6 to 8 kgm.) on three successive days a gradually inereasing concentration of the heat-killed vaccine followed by an interval of rest for three days. After the rest period a second series of inoculations with greater concentrations of vaccine follows until a total of fifteen inoculations have been administered. An interval of two weeks is allowed to elapse before testing the titre of the serum by the agglutination method. The antigen for the test is prepared from twenty-four-hour broth cultures of the organism washed in saline three times before using. The test is incubated at 37°C. for two hours at 1000. over night before final readings are recorded. Absorption tests with the method described by Krumwiede, Cooper and Provost (1925) proved satisfactory.
Pathogenicity studies Young albino rabbits weighing 3 to 4 kgm. were employed in these experiments. The greater portion of these rabbits were raised in this laboratory. They were free from snuffles and only two out of 100 rabbits show histological evidence of rabbit encephalitis as described by McCarty (1924) . Guinea pigs used in the experiments weighed 250 to 300 grams. White mice were raised in this laboratory and were free of mouse typhoid. Young Macacus rhesus monkeys were retained in quarantine for three weeks before using.
An eighteen to twenty-four-hour meat-infusion blood broth culture was employed for inoculation into animals. Dilutions varying from 10-1 to 10-7 were prepared in sterile physiological saline and blood agar pour plates were made for the purpose of estimating quantitatively the number of bacilli per cubic centimeter inoculated into the animals. Intravenous inoculations, unless otherwise indicated in the experiment, were never greater in volume than 1 cc. of the particular dilution employed. Dilutions of the twenty-four-hour broth culture ranging from 10-1 to 10-were the quantities found to be optimum for producing infection in the animals. All animals found in extremis were sacrificed by means of ether anaesthesia. Necropsies were performed under aseptic conditions and bacteriological cultures obtained from the heart's blood and organs, including the brain and meninges. Sections stained with hematoxylin and eosin were prepared from all the organs except the brain and spinal cord. These latter tissues were stained with toluidine blue by the Nissl method.
Morphological and cultural characteristics
The organism is a non.-spore-forming gram-positive bacillus measuring 1 to 4,u in length and 0.5,u in breadth. Occasionally, filaments varying from 5 to 8u may be observed in some of the cultures. The organisms usually occur singly or in small clumps of three or four bacilli in an eighteen-hour infusion broth culture, but in recently isolated cultures ( fig. 1) 
Variants
Variants have been obtained from time to time during the course of study either by cultures from organs of animals succumbing to the infection or by successive daily transfer in 10 per cent homologous immune sera. The first recognized variant consists of a strain that has completely lost the property of hemolyzing blood in the agar plates and in broth. Its morphological, cultural and serological properties are not otherwise changed. It was procured in the form of isolated colonies from blood agar plates rich in hemolytic colonies prepared directly from the kidneys of each of four rabbits that died from the infection. It has not been encountered in cultures made from other viscera. Attempts to produce this variant by growing the organism in the presence of sterile rabbit kidney in broth have not, so far, been successful.
Another variant was obtained by successive transfers of the organism to broth containing 10 per cent homologous immune serum. After ten to twenty transfers, a colony develops that differs from the original in its marked irregularity at the edges after twenty-four hours' incubation at 370C. and the development of a flat, irregular-edged, translucent spreading growth within forty-eight to seventy-two hours. It still retains, however, the property of hemolyzing blood. Instead of showing the usual regular small rod forms, long filaments measuring 10 to 20 g in length without branching are observed in stained preparations. This variant retains this characteristic only when kept on solid media, as it reverts to the original type in broth. Sugar fermentations remain unaltered.
The third variant has recently arisen spontaneously from one of the cultures kept without transfer for six to eight weeks in meat infusion broth. It corresponds to the "R" variants that are frequently observed in other strains. The colony is recognized by a wrinkled, dry and irregular edge which tends to be friable upon removal from the plates and by a granular growth in broth. The morphology remains the same, but fermentation of lactose, glycerol and sorbitol within twenty-four hours at 370C. differs from the delayed fermentation observed in the original strains.
PATHOGENICITY FOR ANIMALS
Rabbits, guinea pigs, mice and monkeys were employed in the study of the pathogenicity of these strains. Since all four strains were capable of producing similar clinical and anatomical changes in animals, the experimental studies have been confined largely to one strain.
Attempts to demonstrate the presence of a toxin in young or old broth cultures were not successful. Large quantities of filtrates had no apparent effect on rabbits, guinea pigs or mice when injected intravenously, intraperitoneally or intracerebrally.
Pathogenicity for rabbits
When quantities of bacilli varying from 100,000 to 10,000,000 per cubic centimeter are inoculated intravenously into rabbits, the following symptoms ensue. The rabbits remain well for thirty-six to forty-eight hours when they gradually develop anorexia, weakness and signs of central nervous system involvement characterized by twitchings, convulsions, opisthotonas, paralysis of the extremities and finally death within four to five days. Rabbits rarely survived quantities that approximated 10,000,000 bacilli per cubic centimeter. Those receiving a greater dosage died within forty-eight to seventy-two hours from an overwhelming septicemia before localization in the central nervous system was established. Those receiving less than 100,000 per cubic centimeter survived and were sacrificed by the fourteenth day after inoculation. Anatomical lesions at postmortem became more extensive with the length of the time interval for which the animals survived after inoculation. Rabbits receiving quantities of bacteria varying from 100,000 to 10,000,000 per cubic centimeter consistently reveal changes in the liver and brain. The heart, lungs, spleen and adrenals were only occasionally involved. On the other hand, rabbits dying within forty-eight to seventy-two hours showed only lesions in the liver.
The most outstanding gross anatomical change is the diffuse distribution throughout the liver ( fig. 3 ) of small, yellow, focal zones of necrosis. Their extent undoubtedly varies directly with the initial quantity of bacilli inoculated. Microscopically, they ( fig. 4) show necrotic liver cells, hemorrhage, infiltration with polymorphonuclear leucocytes and a few small and large mononuclear cells. When lesions are present in other organs, they are similar to the focal necroses of the liver. In the myocardium, however, distinct abscesses were encountered. The spleen and lymph nodes of the rabbit rarely show these lesions, but instead they are congested, with occasional hemorrhage into the splenic tissue.
Rabbits surviving the infection for a period of more than 6 days show reparative processes. At times the proliferation in these foci closely resembles the formation of a tubercle, characterized by an increase of large mononuclear cells which are arranged in a concentric manner. Occasionally, a large multinucleated cell is found in these lesions. Other zones undergo repair by the formation of dense fibrous connective tissue and still others, no doubt, In the gross, the rabbit's brain reveals nothing unusual except in those cases surviving for several days after inoculation, when one observes a gray exudate covering the cortical surfaces and less frequently, the base. Few of the rabbits show areas of softening and necrosis of the cerebral parenchyma, especially in the region of the cerebellum. Subarachnoid hemorrhages also occur in some.instances. Histologically, the outstanding pathological picture is the extensive meningitis ( fig. 5 ) that extends into the sulci and fissures of the cortex and by way of the perivascular sheaths into the cerebral parenchyma. This exudate is comprised primarily of polymorphonuclear leucocytes with scattered large mononuclear cells. All of the microscopic preparations reveal a marked angeitis of the pial vessels with swelling of the endothelial cells to cause almost complete obliteration of their lumina. Swelling and necrosis of the ganglion cells are observed in some of the sections. Subarachnoid hemorrhages are seen microscopically in 20 per cent of the rabbits examined. In those sacrificed after the fifth day, large mononuclear cells predominate, with an occasional polymorphonuclear leucocyte in the exudate. Glial proliferation is observed in some of the sections.
If the organism is inoculated into the subarachnoid space via the basal cistern, it requires only 10 to 30,000 bacilli to produce clinical evidence of marked meningeal irritation, characterized by convulsions and opisthotonas which is followed by death in twenty-four to forty-eight hours. At postmortem, an extensive suppurative meningitis is always present in these rabbits.
On the other hand, when animals are inoculated other than by the intravenous or intracerebral routes, the number of bacilli necessary to produce infection is either so large that it causes death within forty-eight to seventy-two hours without anatomical evidence of localization or the host survives without showing anatomical changes when it is sacrificed later. Both the intraperitoneal and subcutaneous routes of inoculation require quantities of bacilli varying between 1,000,000 and 1,000,000,000 per cubic centimeter in order to produce infection which results in death in forty-eight to seventy-two hours without any evidence of central nervous system involvement either clinically or at postmortem. A suspension of the organism placed in the nares produced infection in one out of five rabbits. This animal showed a pulmonary abscess from which the organism was isolated in pure culture. It is significant that an extensive suppurative meningitis was also present. The organism is demonstrable by cultural and staining methods in the lesions as well as in the viscera showing no anatomical changes. It is important to note that a higher incidence of positive cultures is obtained from the viscera of these animals than from the heart's blood. Such cultures were even obtained from the viscera of some of the rabbits that were sacrificed from six to fourteen days after inoculation. Specific agglutination titer of the sera of the rabbit that survived the infection varied from 1:20 to 1:100 dilution of sera. However, observations pertaining to the immunological responses of these rabbits must await further study. Table 2 summarizes the clinical, pathological and bacteriological findings of the rabbits inoculated by the different routes.
Pathogenicity for Guinea Pigs
Intravenous inoculation of the organism in equivalent quantities elicits an entirely different response in the guinea pig than in the rabbit. Quantities of 100,000 to 60,000,000 bacilli per cubic centimeter cause the guinea pig to develop signs of weakness, labored breathing and inactivity. Death occurs after 5 days or more. Clinical evidence of involvement of the central nervous system is not present. At postmortem, foci of necrosis similar to those seen in the rabbit are observed in the liver. The guinea pig differs from the rabbit inasmuch as the myocardium ( fig. 6) 10,000,000-1,000000,000 showed no lesions. The remaining guinea pigs survived and showed no evidence of infection either pathologically or bacteriologically.
Pathogenicity for mice Mice develop a suppurative meningitis within twenty-four to forty-eight hours after the inoculation of small quantities of bacilli into the brain tissue. Intraperitoneal inoculations of relatively small numbers of bacilli produce a septicemia and death within forty-eight hours. At postmortem, a diffuse fibrinous peritonitis and multiple foci of necrosis in the liver and spleen are the only anatomical changes. The presence of necrotic zones in the spleen of mice is the outstanding anatomical lesion since it is not observed in the organs when rabbits or guinea pigs are the hosts. Table 4 summarizes the findings in white mice.
Pathogenicity for monkeys
Four monkeys (Macacus rhesus) inoculated intravenously with two or three times the number of bacilli inoculated into the rabbits develop clinical signs or symptoms that directly point to involvement of the central nervous system. The onset of the clinical symptoms usually occurs between the second and fifth day after inoculation, characterized by anorexia, ruffling of hair, twitchings of muscles, clashing and grinding of teeth, photophobia, weakness and marked rigidity of the neck. The first monkey recovered from the symptoms; two were sacrificed immediately before expiring, the fourth when evidence of recovery was apparent.
Examples of two of the protocols are given for monkeys III and VIII. The first monkey (MI) which recovered completely showed no pathological or bacteriological evidence of the infection ten days after the initial inoculation. The fourth monkey (MV) revealed similar anatomical changes to those observed for monkey III.
DISCUSSION
One of the most interesting properties of this new species of the genus Listerella, disclosed by these studies, is its unusual ability to pass from the blood stream into the central nervous system of rabbits and monkeys. Other kinds of organisms isolated from human brain tissue at necropsy do not tend to localize in the central nervous system of animals when inoculated in small quantities into the venous system or even into the carotid arteries. It is possible, however, to produce an occasional instance of central nervous system involvement in experimental animals by inoculating massive quantities of an avirulent organism into the circulation or by using a suspension of organisms and media that favors the passage of infected emboli to the blood vessels of the brain. Since it is difficult to reproduce, consistently, experimental meningitis in animals by ,way of the blood stream, it has been hypothecated that an actual barrier exists between the circulation and the cerebral tissue. Therefore, this new organism may serve as an experimental means for studying the mechanism of the invasion into the central nervous system from the blood stream.
Some of the factors governing localization in the central nervous system are suggested by these experiments. The time of entrance of organisms into the central nervous system as manifested clinically and pathologically occurs about the third to fifth day after inoculation. In order to show this time relationship, it is essential to inoculate into the nervous system numbers of bacteria, ranging between 100,000 to 10,000,000 bacilli, as a larger number of bacilli cause early death of the animal, while smaller quantities usually fail to produce infection. However, study of the histological preparations of rabbits sacrificed at the initial onset of the central nervous system involvement shows that the predominating lesion consists of swelling of the endothelial cells of the smaller blood vessels and a marked angeitis. Therefore, it is possible that this vascular injury may be an essential preliminary for the invasion of the organism into the subarachnoid space.
Other unrecognized factors, no doubt, exist in influencing the localization of this organism as is shown by the differences in the lesions presented by guinea pigs. Intravenous inoculations of small quantities of bacilli produce multiple myocardial abscesses without any evidence of central nervous system involvement. On the other hand, 50 per cent of the guinea pigs inoculated by the intraperitoneal route did develop clinical and pathological evidence of meningitis without showing lesions in the myocardium. The factors controlling this unusual localization remain for further investigation.
it is difficult to classify this organism properly at this time. It has been included among the diphtheroids or genus Cornybacterium on the basis of morphological studies but other results based on cultural and serological experiments do not substantiate this grouping. Studies have suggested that it is closely allied to an organism described by Murray, Webb and Swanson (1926) that is known now by the name of Listerella monocytogenes (1934) . A more detailed and systematic comparative study of several related organisms is now in progress and will be reported in another communication. SUMMARY 1. The organism described in this commmunication is a small non-spore forming gram-positive bacillus that has a tendency to form short chains and small clumps in broth. A clear beta zone of hemolysis is produced in blood agar plates. Hemolysis of blood in meat infusion broth also occurs in twenty-four hours at 370C.
2. Cultural and morphological characteristics indicate that this organism is probably a new species of the genus Listerella.
3. Specific agglutinin and absorption tests show that the four strains of this new pathogen are identical.
4. It is pathogenic for rabbits, guinea pigs, mice, monkeys and man.
5. Lesions produced by the organism consist primarily of a focal necrotizing process and exudation which are most marked in the liver.
6. Localization of the organism in the central nervous system of rabbits and monkeys results when it is inoculated into the venous blood system. On the other hand, intravenous inoculations into guinea pigs cause multiple myocardial abscesses instead of meningitis.
7. Intracerebral inoculations of very small quantities of this organism directly into the subarachnoid space invariably produce an extensive suppurative meningitis in rabbits, guinea pigs, mice and monkeys.
8. Intraperitoneal inoculations into guinea pigs cause localization of the organism in the central nervous system without evidence of myocardial involvement. This route of inoculation for rabbits and mice proves fatal in 48 hours if optum dosages are employed.
9. Macacus rhesus monkeys show a remarkable degree of resistance, surviving the infection even after it has once become established within the central nervous system.
